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ABSTRACT 


Fifty-four albino rats (Wistar strain) were used to 
determine the effect of prolonged use of anabolic steroids 
on energy sources of trained and nontrained rats. 

Animals were divided into two equal groups: one group 
was bilaterally castrated while the second served as non- 
castrated controls. One half of each group received Di- 
anabol (Methandrostenolone - 17&- methyl - 174- hydroxy- 
androsta - 1, 4 - dien - 3 — one) orally ee eee ees 
weekly (1.75 mg/kg). Two thirds of each group were trained 
to exercise on a motor driven rodent treadmill by pro- 
gressively increasing the speed and duration of the daily 
exercise session until they were capable of running con- 
tinuously for one hour at a speed of 1 mph. Each animal 
then continued to run at this intensity for an additional 
8-9 weeks. One half of the trained animals were sacrificed 
immediately after a fatiguing run while all other animals 
were sacrificed at rest. 

Analysis of the results indicated that regular exer- 
cise had no effect on the parameters measured with the 
exception of adrenal weights which increased slightly as a 
result of training. When the animals were exercised to ex- 
haustion decreases occurred in liver and spleen weights, 
skeletal muscle and liver glycogen, and blood glucose levels. 


Increases were apparent in adrenal weight, blood lactate, 
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plasma FFA and the mobilization of lipid FFA. Analysis also 
revealed that castration caused decreases in body and liver 
weights as well as increases in blood lactate levels. 

Anabolic steroid treatment did not affect body weight, 
testicular size, spleen, heart, adrenal weights, blood lac- 
tate, resting eile glucose levels or resting FFA levels. 
Decreases, however, were noted in liver weights and resting 
skeletal muscle glycogen levels. When the animals were 
exercised to exhaustion it was apparent that anabolic ster- 
oOids had no effect on the depletion of glycogen stores or on 
the utilization of blood glucose. Although mobilization of 
FFA from adipose tissue occurred during exhaustive exercise 
in normal rats, the anabolic steroid treated animals were 
not able to mobilize FFA as readily. 

Within the limitations of the study it was concluded 
that anabolic steroids had a Significant effect on skeletal 
muscle glycogen sources and the mobilization of FFA sources 


with exercise and training. 


vi 


, 
- 
fart 
- 
. Us 
ie ~ 
7 
ant 
~ . Ad 
" j 
7 ~ é 
ot > rere 
ia Ss AJi.s 
» ; =| 
i ai 
t Lor 
=) - 
= * 
me > ak ee or 
: fIJGSs 
f ’ 3 Oo 
a ob 4 > a WV 
a - Ff ’ 
SiISW e281 
H phe ant 
d : ae “4 
bey 7 f>2 no 
| ah Ce 4a 
SST TIOs 


[spneotbs  .itwséen ,neetqe ,sxie i 

tteex to elevel ssooulp boold priges2 ,eses 

* 7 ‘ —— teeta alah cap a - —— | : y a ee } 

atdptsw tevit ni becom stew , tevewon ,e98se ten 
/ i 
ar 

j r = k 5 iz 

Le + SMW [evel aspooyl> eloesm Iss olote 


solid ak goesetont es [lew es etdpiew 
Bib snomtssus biotese ollodsand 


7 i? = 7 
soistesilidom ett bas ATT smesigq— 


ome ab 


gsoLteiseso tenz belsevex 7m 


beanrso 


oovinp To mroLnteiqgsD sns 10 sOgasS Of 
‘el : 5 “~ ; “ Po a 
dovansttA S2o0n0u7fp Bboold > MOLIS 
anixs onistub ba ono guyueeis saoqibhs m 
<< a 
betseiaiy. Drese oifodsns eft stan Iamont as 
% { + ee bi lee 7 a ¥ 
.viibssa a8 AIT esilidom o¢ sida gaa 
e ' = ; * a fe 
33 +2 og Fo enorsssimrl sat ares 


= F 
BS 


5 aebLorase 
a scepooylp sice us mn 


saloxexe We 


a 4 


-eOinis3%s bas 


ACKNOWLEDGEMENTS 


The author wishes to express his sincere appreciation 
and gratitude to his committee members, Dr. A. W. Taylor, 
Dr. D. C. Secord and Dr. R. G. Glassford for their assistance 
throughout this thesis. 

To the many undergraduate students, who assisted in the 
training program, I would also like to express my sincere 
gratitude. 

A special appreciation must go to Miss Diane Tougas 
and Mr. Glen Bailey for the many hours so willingly contri- 
buted in analyzing the samples. 

Not to be forgotten is my wife, Susan, for her assis- 


tance. 


es 
X75 4 


ficige 


. fap 
a. | 


suotT sanju agit oF op teur nesdefosigdn Ipinege A 


5 ATMA OMA 
foordas orsonte elf eeatgxS of aedslw tonivs ot 
y .w .£ ow .exednen oodtiomes aint of shutis¢exp has 
 l1iodg 20% byeaiees(d..B sR .2g bas bxope®? .9 .1 234 
| 
eleedy aify tuonpuosns 


hosetnen ofw .adnebede sésuhexpsebas yaae adi of 
Ay 
as {mm Bestyre oF 442i! ofls Bivow I ,wmerpoag pain - a 


rt biliw io oon oem sou 102% yvolisda rele - 1M bas 
2ofqman Sus gniazylads oi Be 


Ww” of mec¢septot Yd oF soa 


TABLE OF CONTENTS 


CHAPTER I - STATEMENT OF THE PROBLEM 


Introduction 
Statement of the Problem 
Rationale Behind the Study 


Limitations and Delimitations of the Study 


CHAPTER II - REVIEW OF LITERATURE 


Anabolic Steroids 

Total Body and Organ Weights 
Muscle Glycogen and Blood Glucose 
Blood Lactate 


Free Fatty Acids 


CHAPTER III - METHODS AND PROCEDURE 


Glycogen Determination 
Blood Glucose Determination 


Blood Lactate Determination 


Plasma and Adipose Free Fatty Acid Determination 


Statistical Analysis 


CHAPTER IV - RESULTS 


Vili 


25 


27 


af 4 we 


“fi . 7 ts , ry Pe F ci aT A a“ 


- 


ar VI Aa?T¢ARD 


i) 


bo™%, 2, 
“a 


CHAPTER V - DISCUSSION 45 


Total Body and Organ Weights 45 
Muscle and Liver Glycogen swt 
Blood Glucose 53 
Blood Lactate 55 
Free Fatty Acids 57 
CHAPTER VI -—- SUMMARY AND CONCLUSIONS 62 
Conclusion 63 
BIBLIOGRAPHY 64 
APPENDICES 
A. Standard Curves 87 
B. Table of Means 91 


C. "Newman Keuls" Multiple Comparison Between 100 
Ordered Means 


D. Raw Data 109 


ix 


eb 

ep etfipie! asps0 bas yhos [sd0% 

fe Mpooyso tevid Sas eloasM -— 
t2 guosuld poole , 
ec | stexornt boold —- 
tz ebiodA ytdst esxt 
s8 avoTauIoudD ava ¥aaneue - IV ae 
£3 autaptoned z 
Ts : eoviaw> byrshasse 


2ng2M ta sidst .a& 


06 neswied nortisgmod slgisiet “*sloadt naamwak” ~.9 
eneon bexebioO 


6320 Wen 


Table 


LIST OF TABLES 


Analysis of Variance 


Analysis of Variance 
Weights 


Analysis of Variance 
Weights 


Analysis of Variance 
Analysis of Variance 
Analysis of Variance 
Analysis of Variance 


Analysis of Variance 
Muscle Glycogen 


Analysis of Variance 
Muscle Glycogen 


Analysis of Variance 


Analysis of Variance 
Glycogen 


Analysis of Variance 
Analysis of Variance 
Analysis of Variance 
Analysis of Variance 


Means for Total Body 


for 


Lon 


LOL 


FOr 
for 
for 
LOT 


for 


LOG 


LOG 


TOG 


for 
TOL 
imave 


LOL 


Total Body Weights 


Left Testicle 


Right Testicle 


Liver Weights 
Spleen Weights 
Heart Weights 
Adrenal Weights 


Gastrocnemius 


Bicep Brachii 


Liver Glycogen 


Heart Muscle 


Blood Glucose 
Blood Lactate 
Plasma FFA 


FFA Release 


Weight 


Means for Left Testicle Weights 


Means for Right Testicle Weights 


Means for Liver Weights 


Means for Spleen Weights 


Means for Heart Weights 


Means for Adrenal Weights 


Page 
28 


29 


30 


31 
32 
a3 
34 


36 


Sid 


38 


39 


40 
4l 
43 
44 
= 4 
92 
oo 
33 
94 
94 


“Je, 


. f 
rng TF ‘wd ST «nt pte b CE ene > 
SLOW elotdeel tipit—ror 


i la ae 
ieiew savas - 
i cal : aN 


5 

1 
> 
la 


Table 
ao 
24. 
arxs 
26. 
Cat he 
20). 
29. 
30% 


same 


S27 


SiS hr 


34. 


35. 


BiG, 


Bi. 


38. 


39. 


40. 


Means for Gastrocnemius Muscle Glycogen 
Means for Biceps Brachii Muscle Glycogen 
Means for Liver Glycogen 

Means for Heart Muscle Glycogen 

Means for Blood Glucose 

Means for Blood Lactate 

Means for Plasma Free Fatty Acids 

Means for Free Fatty Acid Release 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Total Body Weight 


‘Newman Keuls' Multiple Comparison Between 
Ordered Means For Left Testicle 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Right Testicle 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Liver Weights 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Spleen Weights 


‘Newman Keuls' Multiple Comparison Between 
Ordered Means For Heart Weights 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Adrenal Weights 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Gastrocnemius Muscle 
Glycogen Content 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Bicep Brachii Muscle 
Glycogen Content 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Liver Glycogen 


Page 
OD 
96 
96 
oy 
23] 
98 
98 
eye) 


101 


EO 


OZ 


102 


103 


103 


104 


104 


105 


105 


a a q 
news * q 
7 


} 


“a 


‘ 
— 


Table 


41. 


42. 


43. 


44, 


45. 


46. 
47. 
48. 


49. 
90. 
BL. 
Da 


53. 


54. 


oD. 
56. 
Dilie 
58. 


29% 


60. 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Heart Muscle Glycogen 
Content 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Blood Glucose 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Blood Lactate 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Plasma Free Fatty Acid 


"Newman Keuls' Multiple Comparison Between 
Ordered Means For Free Fatty Acid Release 


Total Body Weights for Experimental Animals 
Left Testicle Weights for Experimental Animals 


Right Testicle Weights for Experimental 
Animals 


Liver Weights for Experimental Animals 
Spleen Weights for Experimental Animals 
Heart Weights for Experimental Animals 
Adrenal Weights for Experimental Animals 


Gastrocnemius Muscle Glycogen for 
Experimental Animals 


Bicep Brachii Muscle Glycogen for 
Experimental Animals 


Liver Glycogen for Experimental Animals 
Heart Muscle Glycogen for Experimental Animals 
Blood Glucose for Experimental Animals 
Blood Lactate for Experimental Animals 


Plasma Free Fatty Acids for Experimental 
Animals 


Free Fatty Acid Release for Experimental 
Animals 


pig lok 


Page 


106 


106 


107 


107 


108 


ES) 
dia hal 
AEs 


Lis 
114 
a) 
ISG 


Li? 


118 


be, 
AAG 
Ze 
L22 


123 


124 


Tsk’ x 
4 ayia 
‘2 


Table Page 


6r- Endurance Fatigue Times for Experimental ao 
Animals 


OLS | 


Figure 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Means 


Lor 


for 


for 


for 


fon 


for 


for 


for 


fOr 


tor 


for 


for 


£0E 


fOr 


for 


LIST OF FIGURES 


Total Body Weight 

Left Testicle Weights 

Right Testicle Weights 

Liver Weights 

Spleen Weights 

Heart Weights 

Adrenal Weights 

Gastrocnemius Muscle Glycogen 
Biceps Brachii Muscle Glycogen 
Liver Glycogen 

Heart Muscle Glycogen 

Blood Glucose 

Blood Lactate 

Plasma FFA 


FFA Release 


Standard Curve for Glycogen 


Standard Curve for Lactic Acid 


Standard Curve for Free Fatty Acids 


Xiv 


Page 
28 
29 
30 
Syd 
32 
oa 
34 
36 
a 
38 
39 
40 
41 
43 
44 
88 
89 


90 


a @ w 
>§ 
: 
; 7 
_— ln 
OCLeITIATMY we 15> PF 
GuAUDLY Te Telrad ‘i : 
oo 
Ba Siupt" } 
: 1 
f 7 anh ft 4. . weet ane 5 
’ iVplew \ bot istoTt LOT sneeh 
ry ¢ . of = r att 2 7 on tH P » * ‘2 4 Mw 
Se ew! Lev LO LTeSiL J45u aftborm 
—_ nae a ee i, ~o? erRneM 
; 2c NnPpisow Si15ol7eo! , oe ) enneMm 
: 
exstiprew wey yot ensaM 
a fon: f » on, ey; ~ hi 
S : i a7 npi 2 11% ~<, Se tO 7 S i5oM 
; ’ | = Ve 
‘ <> of ¢ ' A ~ ye>h (Ou j (Bor 
: ee oy Se S i v 
I coe jee, oe oul 
aaliie Lt W fisnsubA Ot ensenm 
r , - ~» — *, ‘ 
{I ( oy t f ir 1) 7 i [9 ’ - 3 ro a | a aA 1) Ez eM 
. ‘ a : P ts - - ey | ; 2 re 
\ Phe BOL. Lo JOE LIN [ L£noBta 2q¢ iH 33 2189M 
3% <— B9POOYinr Vid BOs2 She 3M 
et rspoovle -slosuM J189H 1202 aaaoh 
Od s200uLD boolSs 10% enssM 
4, _ 
et5t0g1 Declda tol ensaemh 
sine aa aes 
ALY gimesia tot ensem 
h S265ien ATT sot ensow 
a | “* ) > Oevereerr Oy Came on» 
% ; ovia Yor aver) Byebcesese 
: 7 
nes ry ‘ a ou nuk 
2 broAé olLspsd tet svis> busbasse2 
, 
- : ty. 
Bxebnes2 ~ 


CHAPTER I 


STATEMENT OF THE PROBLEM 


Introduction 

In recent years the non-medical use of anabolic ster- 
oids has been a subject of much controversy in the athletic 
world. With so much emphasis being placed on winning and 
excellence, coaches and athletes have constantly been 
searching for artificial means to improve performance 
particularly in the area of "ergogenic aids". These ergo- 
genic aids can function in one of two ways: (a) to improve 
the capacity of the muscles to do work, or (b) to remove 
or reduce inhibitory mechanisms in order to enhance per- 
formance. 

The chief function of anabolic steroids is to stimu- 
late the synthesis of cellular protein (129). Anabolic 
agents have been used for some time for patients recovering 
from illness or after surgery, for treatment of osteopor- 
osis, fracture healing, severe burns, muscular dystrophy, 
for protein tissue building, and for myotrophism. Anabolic 
agents have also been credited with having an important 
effect in stimulating the appetite and imparting a feeling 
of well being (4). 

In the past the use of anabolic steroids was largely 


limited to athletes participating in events in which success 
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required great muscular mass and strength. At the present 
time these drugs appear to be more widespread among ath- 
letes in various other sports. This use of anabolic ster- 
Oids by athletes has received sharp criticism by the 
medical profession (155) and a number of sport federations 
C607>L53).2 

Anabolic steroids are derivatives of the male sex 
hormone testosterone. Chemical modifications of testos- 
terone have led to some synthetic compounds which show a 
satisfactory dissociation between anabolic and androgenic 
properties. Many attempts have also been made to find 
orally active anabolic steroids without androgenic acti- 
vity since orally active compounds would have a much 
greater clinical application than intramuscularly admini- 
stered drugs. Derivatives synthesized in recent years 
often feature alkyl and/or electronegative halogen sub- 
Stituents. Numerous derivatives of anabolic steroids have 
been prepared for oral administration by 17&- alkylation. 
Alkylation in the 17¢- position appears to be a factor 
blocking the dehydrogenation of the 174 - hydroxyl group. 
The 17<- alkyl testosterone derivatives owe their oral 
activity to the protection of the 17@- hydroxyl group. 
Methandrostenolone, an orally active anabolic steroid, is 
a 17“&- alkyl substituted compound showing strong anabolic 


properties (43, 44). 
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Statement of the Problem 

The purpose of this investigation was to examine the 
effect of an anabolic steroid, castration, and fatigue on 
energy sources of trained and nontrained rats. The follow- 
ing parameters were measured: total body weight, organ 
weights, muscle and liver glycogen, blood glucose, blood 
lactate, plasma free fatty acid (FFA) levels and lipid 


FFA mobilization. 


Rationale Behind the Study 


Previous studies on anabolic steroids have primarily 
Deenecarriedsoutsinga clinical situation. Kochakian et. al 
(120-126) , Korner and Young (128) and Desaulles (43) ex- 
amined the myotropic action of androgens and several ana- 
bolic steroids on intact, castrated, adrenalectomized or 
hypophysectomized rats and guinea pigs. It was found that 
steroid dosage and species had a profound influence on the 
character and localization of the myotropic effect. Studies 
investigating body and organ weights are conflicting (5l, 
110, 150). Methandrostenolone had a hypoglycemic effect 
on fasting subjects, while no effect on blood pyruvate 
levels were noted. 

Those investigators examining the effects of anabolic 
steroids on athletes have dealt with the areas of muscular 
strength (110, 111, 178), power (111) and oxygen uptake 
(55, 111, 178). A few reports examining blood chemistry 


profiles were also noted (98, 155). 
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In spite of the widespread use of anabolic steroids 
there is little understanding of their mechanism of action. 
Investigations examining the effect of anabolic steroids 
On sources of energy mobilization are very limited (191). 
Therefore, a study was necessary to examine selected vari- 


ables in the mobilization of energy. 


Limitations and Delimitations of the Study 


1. The study was confined to the male Wistar rat 


between ages seven to 24 weeks. 


2. Food intake was not controlled. 


3. Only one intensity of endurance training was used, 
and some trauma could have resulted from the 
presence of the electrical shocking device on the 


treadmill. 


4, Differences in body weights were not accounted 


for when analyzing organ weights. 


CHAPTER LL 
REVIEW OF LITERATURE 


Anabolic Steroids 

Anabolic steroids may be defined as those steroids 
whose main function is to generally stimulate the synthesis 
of cellular protein (129). Anabolic agents are usually 
derivatives of testosterone and show a relatively stronger 
anabolic than virilizing effect. 

Testosterone and its derivatives have long been used 
for their anabolic effects, however, their usefulness has 
been limited because of their androgenic properties. 
Attempts to dissociate the anabolic effect from the andro- 
genic effect by modification of the testosterone molecule 
have resulted in the development of several synthetic 
steroids. Laboratory tests and animal assays indicate that 
a wide separation of anabolic and androgenic effects has 
been achieved, although the nitrogen-retaining and andro- 
genic potencies of these compounds in human beings cannot 
be predicted accurately from these tests (4). 

An important class of androgenic and anabolic com- 
pounds was synthesized with the direct purpose of avoiding 
metabolic inactivation. Introduction of a 17@- alkyl 
substituent into the testosterone molecule changes the 
secondary 178 - hydroxyl group to a tertiary hydroxyl 


group. Thus metabolic inactivation through oxidation of 
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the 174 - hydroxyl group to a 17 - keto group is no longer 
possible. The 17%- alkyl testosterone derivatives owe 
their oral activity to the protection of the 17g - hydroxyl 
group. The presence of the alkyl group is responsible for 
the undesirable side effects including liver tissue damage 
€2,0.2,)3 6 

Methandrostenolone, 174=- methyl - 178- hydroxyan- 
drosta -1, 4 - dien - 3 - one (Cy9H2g05), is a 17&- alkyl 
Substituted steroid. It is a synthetic steroid hormone, 
both structurally and pharmacologically related to other 
androgenic anabolic steroids. The preparation of this 
compound was a result of investigations on the effect of 
additional unsaturation in testosterone derivatives. Two 
methods have been worked out for the synthesis of methan- 
drostenolone (200, 201): (a) the action of the fungus 
Didymella on 17&- methyltestosterone (microbiologic de- 
hydrogenation) and (b) chemical dehydrogenation of 17 
methyltestosterone with selenium dioxide, tertiary butanol, 
and acetic acid. Methandrostenolone has been found to show 
strong anabolic properties and low androgenic activity (43, 
44, 202). Typical of androgens, methandrostenolone causes 
retention of nitrogen in the form of protein and of calcium, 
sodium, potassium, chloride and phosphate, leading to an 
increase in skeletal weight (5, 143). 

Some direct connection between the muscle mass of the 
body and the activity of androgens has been suspected for 


a long time. Extensive investigations by Kochakian et al 
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(120-126) yielded important results with respect to the 
myotropic action of androgens and several anabolic steroids. 
Castration of growing male rats and guinea pigs results in 
a gradual slowing down of the increase in weight. In the 
rat, all skeletal muscles and the skin participate in this 
change in proportion (126), whereas, in the guinea pig, 
some muscles are affected more strongly by this involution 
than others (124). The involution of muscles after castra- 
tion can be reversed by the administration of androgen 
(120, 124); however, only very massive dosages of androgen 
are able to effect a gain in weight above normal values 
(121). 

Similar investigations by Korner and Young (128) on 
intact, adrenalectomized, or hypophysectomized rats showed 
that the additional factors of age, sex, and steroid dosage 
have a profound influence on the character and localization 
of the myotropic effect. 

Desaulles (43) reported that castrated rats as well 
as adrenalectomized and hypophysectomized animals appeared 
to be more sensitive than normal animals when treated with 
methandrostenolone. These results demonstrate that the 
action of methandrostenolone on weight gain is an intrinsic 
component of its properties. The same effect on normal 
animals, however, still depends on the presence of a func- 
tioning pituitary. 


A few contradictory reports exist concerning changes 
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of the chemical composition of muscle after castration, 
substitution of androgen, or after treatment with anaholic 
steroids. In the guinea pig, castration resulted in the 
decrease in protein, water, and ash content in proportion 
to the decrease in the weight loss of the muscle. With 
androgen support, all these changes were reversed (122, 
125). The myoglobin content of the muscle, however, was 
independent of the androgen level (175), and after castra- 
tion and subsequent androgen replacement there were no 
changes in concentration of other protein fractions of the 


muscles, such as myosin, sarcoplasm, and collagen (174). 


Total Body and Organ Weights 


A number of investigators have conducted research to 
determine the physiological function of onternal organs 
during cxeromsea n(syy Sel 5301407664 97,8 B2e090)Se Priice-Jones 
(158) investigated the effect of exercise on several 
physiological and anatomical parameters in young rats. 

It was found that the rate of growth (in terms of body 
weight) was 1.25 to 1.44 times as great in the resting 
rats aS compared to the active animals. Similar results 
by other investigators have also been reported with regard 
to body weight,-(40 752 2 88)id82jave Insthesfiifttht part) of 

a series of experiments by Stevenson et al (185) it was 
found that exercised animals lost weight, the amount of 
loss being approximately proportional to the amount of 


exercise. McClintock et al (144) and others (49, 193) re- 
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ported that exercise produced no change in total body 
weight. 

A study by Hatai (82) in 1915° on albino rats reported 
that exercised animals had heavier heart weights than con- 
trols. The same results were noted for kidney, testicles, 
and liver weights. Spleen weights, however, were larger 
iache icontroleanimaks Sitsternhaus tet) alln(ls 2)naioted: simi- 
lar results with the exception of the testes which decreased 
in weight with exercise. Several other researchers re- 
corded similar results in determining the effect of exer- 
cise on total body and organ weights (40, 49, 88). Montoye 
et al (148) found no significant difference in organ weights 
Detcween exercised fomrcontrol ratssie McClintock) etral (144) 
as well as Tepperman and Peariman (193) recorded similar 
results for heart weights in rats. 

In examining the effects of exercise on spleen weights 
a Significant loss in weight was noted following fatigue 
(15, 74, 194). Although this weight loss was once attri- 
buted to expulsion of the stored blood from the spleens 
(15, 182), others (73, 74) do not agree with this phenomena 
as Similar results were reported in animals not exercised 
to fatigue. 

Relatively few studies have been conducted to deter- 
mine the effect of exercise and anabolic steroids on organ 
weights. Johnson et al (110) in a study on students aged 
18 to 38 years found that anabolic steroid treatment re- 


sulted in a significant weight gain over the control or 
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Placenvo groups. Hager ecval (51))@and Murphy et ‘ale 150) 
noted that heart weight was greater in the steroid group 
but not in the exercise-steroid group where a myotropic 
increase may have been balanced by a fat content decrease. 
The pituitary gland and testes size was greater in the 
exercise group but depressed in the steroid group. Treat- 
ment with testosterone proprionate and other anabolic 
steroids have been demonstrated to produce hypertrophy of 


atrophied and normal musculature (43). 


Muscle Glycogen and Blood Glucose 

Carbohydrates are stored in the form of glycogen in 
the skeletal muscle and liver tissue until such time as it 
is needed as glucose to provide energy for muscular work 
(81, 195). The utilization of glycogen in the muscles is 
dependent upon a complex series of enzymatic reactions 
which is initiated by release of adrenaline from the adre- 
nal medulla (181). The release of adrenaline is propagated 
by stimulation from the nervous system in response to 
severe and sudden muscular exertion. All of these events 
result in a rapid breakdown of glycogen to glucose-1-phos- 
phate. When breakdown is in progress, the enzymes for 
resynthesis is proceeding, the enzymes involved in cata- 
bolism are inhibited. The preceding reactions take place 
in the skeletal muscles, but similar reactions also take 
place in the liver, to maintain glucose levels in the 


blood (145). 
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A normal level of blood glucose of about 70 to 90 mg% 
is always present in the blood and is available for immedi- 
ate use (208). Blood glucose levels are maintained by 
homeostatic mechanisms which are hormonal devices for con- 
trolling the rates of glycogenesis, glyconeolysis and 
glyconeogenesis and glucose metabolism by all cells (7). 

In moderate exercise, which is essentially aerobic 
and of relatively short duration, glucose levels change 
Meo vVerrecULe se nelmancen et ral (9) )s reported that in initial 
tests of intermittent exercise, glucose levels did not 
change. Robinson (166) found that for all age groups 6 to 
75 years the glucose levels rose only about 10 mg% over 
resting levels. Ahlborg (1) showed that in the initial 
stages of his prolonged work experiments glucose levels 
rose only slightly. 

In maximal work, when the subject is exhausted in a 
relatively short time, significant increases in glucose and 
insulin concentrations have been reported. Robinson (166) 
noted a state of hyperglycemia after a short maximal effort 
for all age groups. The highest values appeared between 
PWomagessOfel 3 eto 1297) Hermansen et al (91) reported on 
increase from 79.2 mg% at rest to 172.3 mg% after the last 
bout of heavy intermittent exercise. Plasma insulin also 
increased greatly, the peak levels occurring approximately 
ten minutes after the peak values for glucose. 

If exercise continues for a prolonged period of time, 


the glycogen stores can be greatly depleted. At the same 
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time that glycogen is being utilized, there is an increased 
utilization of glucose coming from the liver so that at the 
end of the exercise period blood glucose levels are also 
low (12). A decrease in blood glucose levels after pro- 
longed work has also been reported by other investigators 
gallos 134)4 

In a series of experiments Hultman (100) reported that 
the average glycogen content in the quadriceps femoris 
muscle of humans was 1.51 gms/100 gms using the Diazyme- 
glucose oxidase method and 1.31 gms/100 gms using the TCA- 
toluidine method. Prolonged exercise to exhaustion produced 
values of 0.41 gms/100 gms and 0.27 gms/100 gms respectively. 

During training the glycogen content of certain muscles 
increases during the early weeks of training in dogs (159). 
This increased glycogen content of skeletal muscles does 
not appear to be essential for the increased efficiency 
which results from training. It has also been reported 
that the skeletal muscle glycogen increased when rats were 
trained to run (205). When the animals were exercised to 
exhaustion the glycogen levels in skeletal muscle and liver 
tissue was depleted. This loss of glycogen from the liver 
and skeletal muscle during the exhaustive run has been 
interpreted as meaning that the glycogen is being utilized 
to provide energy for the performance of the work. An 
increase of glycogen in cardiac tissue has also been noted 
after training (50). The evidence seems conclusive that 


the trained animals have higher glycogen levels in both 
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liver and muscle than do nontrained animals and they do not 
deplete their glycogen levels as quickly. 

Literature reviewed for this experiment revealed that 
few studies have investigated the effect of exercise and 
anabolic steroids on glycogen or blood glucose levels. 
Pancdonseteal (190, 15177 132)P studied the effects of méethan- 
drostenolone on carbohydrate metabolism and blood sugar 
levels in clinical situations. In the majority of subjects, 
methandienone lowered the fasting blood sugar level and 
impaired tolerance to both orally and intravenously ad- 
ministered glucose. The hypoglycemic effect of methan- 
drostenolone was related to dose. Methandrostenolone 
appeared to have no effect on blood pyruvate levels in 
fasted subjects nor on pyruvate curves following oral and 
intravenous glucose. Anabolic steroid treatment also de- 
creased the hyperglycemic effect of glucagon, and the 
associated changes of the plasma inorganic phosphorous were 
less than normal. The hyperglycemic effect of adrenalin 
and the accompanying changes in plasma inorganic phosphorous 
levels were apparently unaffected by methandrostenolone 
administration. 

vardatectedl (106) 11 examining theselfects ofatestocs 
terone proprionate on blood sugar and on the composition 
of the liver and muscles of male rabbits reported a signi- 
ficant increase in liver weight and in liver glycogen using 


a daily dose of 1 mg/kg for 10-20 days. A daily dose of 
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5 mg/kg not only resulted in the same effect on the liver 

but also increased muscle glycogen content and blood sugar 

level. Higher doses led to the opposite results. Similar 

Peau le oeWererrcuortea,insa later study by Talaatvetsal (187). 
maylOr etual = (191)s found thateanabolic Steroids had 

no effect on the resting levels of heart or skeletal muscle 

glycogen levels in rats. It was also noted that the mobi- 


lization of glycogen was not affected. 


Blood Lactate 

In most instances it is implied that the efficiency 
of the various pathways and consequently the production of 
energy is related to the availability of oxygen to the 
metabolizing system. If the oxygen is readily available 
the system functions to optimum capacity with little meta- 
bolite accumulation. If there is an inadequate supply of 
oxygen however, as during altitude exposure or anemia, 
certain cardio-respiratory ailments, or exercise, the capa- 
city of the system to produce energy is reduced and the 
subsequent production of intermediate metabolites is in- 
creased (138). The most abundant metabolite of anaerobic 
muscular metabolism is lactate. Owing to relative anoxia 
of the muscles, lactate accumulates therein and diffuses 
into the blood stream (116). 

It had early been realized that lactate production 
during muscular contraction was formed from the glycogen 


stored in the muscle and that these reactions formed the 
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major energy source during anaerobic contractions (69, 171). 
With the conversion of glucose or glycogen to lactate, a 
limited amount of energy in the form of ATP is provided 
when the oxygen supply is deficient. This anaerobic path- 
way for energy production thus enables a tissue to maintain 
it's function to a certain degree despite hypoxic conditions 
CHP, +208). 

The anaerobic oxidation of glycogen or glucose is made 
possible by the simultaneous reduction of a coenzyme nico- 
tinamide adenine dinucleotide (NAD) which acts as a hydro- 
gen acceptor. The formation of lactate resulting from 
the reduction of pyruvate, thus enables the NADH, to be 
reoxidized allowing further glycolysis to take place. The 
formation of lactate, although not necessary for the de- 
livery of energy, serves as a storehouse for hydrogen ions 
and thereby keeps the reaction continuing (12). Under 
anaerobic conditions the accumulation of lactate or the ex- 
haustion of the supply of glycogen or glucose may limit the 
cell activity. 

Normal resting levels of lactate for humans range from 
8.0 to 20.0 mg% (34, 142, 167, 208). Since the demonstration 
by Ryffel (171) of an increased lactate concentration in the 
blood and urine of man after muscular activity, a number 
of reports have appeared on the general subject of lactate 
in relation to exercise (93, 99, 142). Hill (92), Margaria 


(142) and Huckabee (99) found that blood lactate of men 
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following heavy stress varied with oxygen debt. From these 
and other results it is now possible to represent changes 
in blood and urine lactate during and following muscular 
activity. 

In moderate exercise, the oxygen supply to the muscles 
is sufficient to completely oxidize the pyruvate. Initially 
the lactate level may rise slightly until a steady state is 
reached after which the concentration will return to near 
resting values (119, 142, 206). However, as the level of 
exercise stress increases there is a greater breakdown of 
glycogen and the reduction of NAD is speeded up. If oxygen 
cannot be supplied in sufficient quantity to the increased 
demand, the pyruvate acts as a hydrogen acceptor forming 
lactate in greater quantity. It is apparent that lactate 
appears in excess at about 40 to 50% of maximal oxygen up- 
take in the nontrained subject and about at 60 to 70% in 
Ehieetrainede individual’ (12 ,4119;57242)% 

Various researchers have reported peak lactate levels 
LanmwortetLatned atnletceses Astrand™et* al (10) Yreported”™a 
peak of 142.0 mg% for one male athlete. A range of 160.0 
mg% to 175 mg% was noted for four male athletes by Astrand 
and Saltin (13). Karlsson et al (114) reported a mean 
vaiue of 141.0 mg% for a group of male and female athletes. 

A review of the literature revealed that no studies 
had investigated the effects of anabolic steroids on blood 


lactate. 
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EreesFaccy Acids 


Muscular work, performed aerobically in the post- 
absorptive state, depends mainly on the utilization of 
fat (46, 61). It has only been in recent years that con- 
Siderable research has been conducted on the role that fat, 
in the form of free fatty acids (FFA), plays in energy 
Metapoltism (29730, 5/7, 58% 62). -Interest in this area 
developed when it was noted that FFA, although contributing 
Only 5% of the total lipids in the plasma, comprised a 
fraction which responded consistently to a variety of 
piyvs1ological stimuli (45, 75). 

There are three main, functionally different, fatty 
acid transporting classes in the blood lipid transport 
system. The first class is the chylomicrons which trans- 
port the dietary fatty acids after absorption from the gas- 
trointestinal tract. The fatty acids transported from the 
liver to the other tissues are contained in the triglycer- 
ides of the lipoproteins, which constitute the second major 
transport class. The third class is FFA; the form in which 
fat is continuously mobilized from adipose tissue. It is 
presently believed that a free fatty acid-albumin complex 
is the most important system for transport of endogenous 
fatty acids from the storage sites for utilization by the 
muscle tissue (18, 61). 

It has generally been observed that resting levels 


of FFA in man are in the range 0.30 to 0.60 uEq/ml. During 
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submaximal exercise two characteristic changes occur in 
plasma FFA levels. An initial fall and a subsequent rise 
have been studied and their mechanisms partly elucidated. 
The early fall in FFA is ascribed to increased perfusion 
of muscle tissue with blood during exercise (29, 30). The 
late rise is related to increased activity of the sympa- 
thetic nervous system (59, 85, 86, 105, 156), growth hormone 
(102, 163) and thyroid stimulating hormone (199). This 
elevation in plasma and adipose tissue FFA following sub- 
maximal exercise indicates that lipid mobilization in the 
fat depots is stimulated by muscular work (18, 30, 63, 68, 
BG L05,2212) . 

Maximal exercise, however, causes a decrease in plasma 
FFA concentration (18, 30, 35, 109, 168). This decrease 
has been attributed to both an increase in uptake by the 
working muscle and a decreased blood supply to the fat pads. 
It has also been found that in the presence of lactate, 
glucose, and insulin the production of FFA from the adipose 
tissue will be decreased (54, 160, 161, 170, 207). There 
are some indications that fatty acids may be furnished to 
muscles from lipid pools within the muscle itself (27, 31). 

Literature reviewed for this study revealed that very 
few researchers have investigated the effect of anabolic 


steroids on free fatty acid levels. 
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METHODS AND PROCEDURES 


Fifty-four albino male rats of the Wistar strain with 
initial body weights ranging from 180 grams to 210 grams 
were used in this study. Each animal was housed in an indi- 
Nai cudielee LO) x) se ineh seit—cleaning cage in a laboratory 
controlled automatically for room temperature (24 + TG) 
andere nour Lighnt-dark cycie’ (8 acm. - 8 p.m.). 

Eighteen animals were placed in a nonexercise control 
group while 36 animals were trained to run on a motor- 
driven treadmill (Quinton Rodent Treadmill or Collins Tread- 
mill). The speed and duration of the daily exercise sessions 
were progressively increased until the animals were able 
to run continuously for one hour at one mile per hour, five 
days per week, at the end of five weeks. Each animal then 
continued to run at this intensity for an additional 8-9 
weeks. Mild electrical stimulation (140 mv maximum) was 
used initially to teach the rats to run. The control animals 
received only the exercise natural for nutrition and ex- 
cretion. Half of the animals in each group were castrated 
at approximately 7 weeks of age in order to eliminate the 
major supply of testosterone (a natural androgen) to the 
body. 

Methandrostenolone (Danabol co-donated by CIBA-GEIGY 


CANADA LIMITED) was orally administered to half of the 
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animals in each group at a dosage of 0.25 milligrams per 
kilogram body weight per day given on a weekly basis. At 
the beginning of each training week the methandrostenolone 
dosage prescribed for each rat was mixed with approximately 
35 mgs of powdered food consumed by the animals. A plaster 
vial containing the powdered food and drug was then attached 
to the inside of each cage; in front of an individual 
feeder. To insure the correct dosage the solid food pel- 
lets, contained by the individual feeders, were withheld 
from all the animals on the anabolic steroid treatment 
until after the vial had been emptied. All rats received 
food and fresh water ad libitum. 

One half of the animals in the exercised groups, 
normal and anabolic steroid treated, were sacrificed immedi- 
ately after an exhaustive run. The other half of the trained 
animals and all of the control animals were sacrificed at 
rest. 

At the time of sacrifice the animals were anaesthetized 
with ether (139) and their abdomens incised along the mid- 
line. The abdominal aorta was isolated and 10-12 mis of 
blood withdrawn into heparinized syringes. From this blood 
a 1.0 ml sample was taken for the determination of blood 
glucose while a 2.0 ml sample was used in determining blood 
lactate. Duplicate 1.0 ml samples were withdrawn from the 
remaining plasma for the determination of plasma FFA. 


The epididymal fat pads were then removed, a 200-300 
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mg portion weighed and placed in a beaker containing 4.0 

mls of Krebs-Ringer Solution and 0.20 gms of albumin for 

the determination of the release of adipose FFA. After the 
whole liver was removed and weighed a small weighed sample 
was placed at the bottom of a screw-cap test tube which was 
stored in a deep freeze (709K) until it could be analyzed 
for glycogen content. The heart, biceps brachii and gas- 
trocnemius muscles were then removed, weighed and stored 

in a deep freeze in a similar manner to await analysis for 
glycogen content. The spleen, adrenals, and testicles, when 
present, were also removed and weighed. All organ and tissue 
weights were measured on a Roller-Smith Precision Balance. 
The animals total body weight, taken immediately before 


Sacrifice, was determined on a Triple Beam Balance. 


Glycogen Determination 


Liver and muscle glycogen was determined using the 
method developed by Lo, Russell, and Taylor (137). The 
frozen tissue samples of liver, heart, biceps brachii 
muscle and gastrocnemius muscle were first hydrolysed with 
0.5 mls of 30% potassium hydroxide (KOH) containing satur- 
ated sodium sulphate (Na7S04). The tissue samples, in 
capped test tubes, were then put into a boiling water bath 
for 20-30 minutes until a homogeneous solution was obtained 
after which they cooled in ice. 

To precipitate out the glycogen from the alkaline 


digested solution 0.8 mls of 95% ethanol were added. After 
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Standing in ice for half an hour or longer the samples were 
centrifuged at 840 x g for 20-30 minutes and the supernates 
carefully aspirated. The glycogen precipitate was then 
dissolved in 10.0 mls of distilled water. From this gly- 
cogen solution 1 ml was pipetted into a 150 x 20 mm test 
tube. One ml of 5% phenol solution was added to the above. 
To each test tube 5.0 mls of 96-98% sulphuric acid (H5S04) 
were added rapidly, the stream of acid being directed against 
the liquid surface rather than against the side of the test 
tube for good mixing. After standing for 10 minutes the 
tubes were shaken and then placed in a water bath at 259- 
30°C for 10-20 minutes before colorimetric readings were 
taken. 

All samples were prepared in triplicate to minimize 
errors resulting from accidental contamination with cellu- 
lose lint. Absorbance readings for each of the triplicate 
samples were taken on a Beckman DU-2 spectrophotometer at 
a wavelength of 490 mu. The glycogen content of the samples 
was then subjected to the same phenol and sulphuric acid 
reactions as the muscle samples and the average readings 
of absorbance were plotted against the amount of glycogen 
used to produce a standard curve. During analysis a stand- 
ard sample was run as a daily check on the standard curve. 


(Appendix A). 


Blood Glucose Determination 


Blood glucose was determined by the Nelson-Somogyi 
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method (39, 152, 179, 180). An alkaline copper solution 
was heated with protein-free filtrate whereby the blood 
Sugar reduces cupric hydroxide to cuprous oxide. Arseno- 
molydate colour reagent was then added to reoxidize the 
copper. This was followed by the addition of distilled 
water to each tube of unknown sample. All test tubes were 
_ thoroughly mixed and allowed to stand for 15 minutes. 
Standard, blank and control specimens were prepared to 
assist in calculating the concentration of glucose. The 
optical density for each tube was read at a wavelength of 
540 mu on a Beckman DU-2 spectrophotometer after zero op- 
tical density had been calibrated by means of the "blank". 
Glucose was then calculated in milligrams per 100 mls of 


blood. 


Blood Lactate Determination 

Blood lactate was determined by the Sigma Kit method 
(177). Immediately after the blood sample had been taken 
2 mls of whole blood was transferred to a test tube con- 
taining 4 mls of cold 8% perchloric acid (PCA), a solution 
used in precipitating out proteins. The tubes were allowed 
to stand for 5 minutes and then were centrifuged at 3,000 
rpm for 5 minutes to obtain a protein free filtrate. This 
filtrate was transferred to another test tube and recentri- 
fuged to obtain a clear filtrate. A reagent containing 
lactic dehydrogenase suspension (LDH), glycine-hydrozine 


buffer, -diphosphopyridine nucleotide (§-DPN) and distilled 
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water was mixed in a 125 ml erlenmeyer flask. 

A series of test tubes were then labeled for analysis. 
The first six tubes were used to construct a standard 
curve. The remaining test tubes were set up in duplicate 
to consider values for unknown samples. To each of the 
tubes 2.9 mls of the reagent mixture was added. If the 
animal was sacrificed at rest 0.2 mls of the protein free 
filtrate were added to the test tube. If the animal was 
sacrificed after an exhaustive exercise bout 0.1 mls of 
the protein free filtrate was added to the test tube. 
These tubes were mixed well and allowed to stand for 45 min- 
utes. The optical density for each tube was then read at 
a wavelength of 340 mu on a Beckman DU-2 spectrophotometer 
uSing the first test tube in the standard curve to calibrate 
for zero optical density. The values obtained for the un- 
knowns were extrapolated from the standard curve to obtain 


blood lactate in milligrams per cent. (Appendix A). 


Plasma _ and Adipose Free Fatty Acid Determination 
Plasma FFA content was assayed by the method of Dole 


and Meinertz (47) while the release of FFA by the fat pads 
was estimated as outlined by Schotz and Page (173). 
Because of the high correlation between plasma and 
adipose tissue FFA values observed by Gollnick (68) it was 
decided not to examine adipose tissue FFA homogenates. 


In determining plasma FFA, duplicate 1 ml samples of 
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fresh plasma were added to 5 ml of fat extraction mixture 
in screw-cap tubes. The tubes were shaken and allowed to 
stand for 5 minutes. Two milliliters of distilled water 
and 3 ml of heptane were then added, the contents mixed 
thoroughly, and the tubes allowed to stand for 10 minutes. 
Three milliliter aquilots of the upper phase were taken 

and transferred to a 15 ml conical tube containing 1 ml 

of thymol blue working solution. Nitrogen was blown through 
a column containing sodium hydroxide (NaOH) to eliminate 
CO. and was bubbled through the sample while titrating as 

a means of agitation. A blank and standards were run for 
each set of determinations and a standard curve constructed. 
The plasma FFA concentration was calculated by taking the 
reading from the standard curve and multiplying by three. 
(Appendix A). 

The release of FFA was estimated by incubating 
approximately 300 milligram samples of epididymal fat pads 
(173). After placing the weighed sample in a beaker con- 
taining 4.0 mg of Krebs-Ringer solution and 0.30 grams of 
albumin 1 ml aquilots were taken before and after 3 hours 
of incubation at 37°C in a Dubnoff metabolic shaker. The 
amount of FFA in the incubate was then determined by the 
method outlined by Dole and Meinertz (47). The release of 


FFA was then calculated in the same manner as plasma FFA. 


Statistical Analysis 


The data was analyzed using the one-way analysis of 
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variance. Newman-Keuls Multiple Comparison Between Ordered 
Means was used to test the difference between mean scores 
(211). Differences at the 0.05 level of confidence were 


considered to be significant. 


CHAPTER IV 


RESULTS 


Neither training nor anabolic steroid treatment had a 
Significant effect on total body weight (Figure 1)*. Sig- 
nificantly lower body weights, however, were observed when 
the normal trained animals were exercised to exhaustion. 
Castrated animals tended to have lower body weights than 
their noncastrated controls. 

Organ weights of trained animals demonstrated that 
training had no significant effect on testicle, liver, 
spleen, or heart weights (Figures 2 to 6). Smaller liver 
weights, in those animals with anabolic steroid treatment, 
were noted for both the trained and nontrained groups. 
Anabolic steroid treatment, however, had no apparent affect 
on heart, spleen or testicle weights. Liver weights were 
lower in the fatigue groups and the castrated groups, while 
spleen weights were decreased in all groups after an ex- 
haustive run. A slight increase of adrenal weights in the 
trained animals over the control animals was noticed (Fig- 
ure 7). The adrenal weights of those animals exercised 
to exhaustion before sacrifice although heavier were not 
Significantly greater. 


*Tables for "Newman Keuls" Multiple Comparison Between 
Ordered Means are found in Appendix C. 
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LEGEND FOR ALL GRAPHS 
NG: non castration, non anabolic steroid 
ND: non castration, anabolic steroid 
CG: castration, non anabolic steroid 
CD: castration, anabolic steroid 
TABLE 1 


ANALYSIS OF VARIANCE FOR TOTAL BODY WEIGHTS 


SOURCE SS DF MS E 
TREATMENTS Vee 2 ti 11061.45 FRO vlsile hs 
EXPERIMENTAL ERROR 0.440 42 1048.74 
TOTAL On562 bs 
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FIGURE 2 
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TABLE 2 


ANALYSIS OF VARIANCE FOR LEFT TESTICLE WEIGHTS 


SOURCE SS DF MS F 


TREATMENTS On207 5 4342.40 0.06*** 
EXPERIMENTAL ERROR 0.142 PAA 67704.5/ 
TOTAL 7359 6 


¥¥® not Significant at 0.05 level. 


. 
athe 
é 
“ \ Or 
| S aoe Le 
powtm a | “ Od 
or . 
| nance : : 
- 
| : 
j ' 
: 
i j er 
ah 
j . - 
i 
; i 
: 
i : 
~| . 
; Je 
; : i 
: | < 
4 | 
7 ; 
‘ oat f ‘, 
i Ji F 
_ j ' 
: 
' ' 
' 
1 F \ 
i — > - a _ — A _— | 
‘ 7 
nee eat i! Fa - 
SVG SS i. -* 
~~ : 
‘ 
e ” 1 ~ ’ s Ff TA 
2 ' ; wie ae 9 G aa WA 
1 
Ze 
” 0 ew a a  e 


ie 
d Ge SQAUOS 
. 


-- ~ : one “ “ -_ ames oo, ee a ee a ee ee 
~ 


aac: , 


30 


FIGURE 3 
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TABLE 3 


ANALYSIS OF VARIANCE FOR RIGHT TESTICLE WEIGHTS 


SOURCE Ss DF MS F 
TREATMENTS 0.147 5 29372.80 0.96*** 
EXPERIMENTAL ERROR 0.640 21 30495.23 
TOTAL 0.787 73 


¥¥¥ not significant at 0.05 level. 
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FIGURE 4 


MEANS FOR LIVER WEIGHTS 
IN Gms 
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TABLE 4 


ANALYSIS OF VARIANCE FOR LIVER WEIGHTS 


SOURCE ss DF Ms F 
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ANALYSIS OF VARIANCE FOR SPLEEN WEIGHTS 
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FIGURE 6 
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ANALYSIS OF VARIANCE FOR HEART WEIGHTS 
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FIGURE 7 
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ANALYSIS OF VARIANCE FOR ADRENAL WEIGHTS 
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Skeletal muscle glycogen levels of the normal and 
anabolic steroid treated animals indicated that in the 
groups sacrificed at rest, glycogen content was similar 
for the trained and sedentary rats (Figures 8 and 9). In 
the nontrained and trained animals sacrificed at rest, gly 
cogen stores decreased with anabolic steroid treatment. 
Castration had no apparent effect on carbohydrate stores. 
Exhaustive exercise significantly increased the depletion 
of glycogen from the biceps brachii and gastrocnemius mus- 
cles. 

Liver glycogen stores were not affected by training 
nor castration but were significantly reduced after exhaus 
tive exercise (Figure 10). Cardiac muscle glycogen stores 
were not affected by either training, anabolic steroid 
treatment, fatigue or castration (Figure 1l). 

Blood glucose concentrations revealed that no differ- 
ences existed between trained and nontrained groups (Fig- 
ure 12). Although blood glucose levels decreased with 
exercise in most cases only those animals in the castrated 
anabolic steroid treated groups had significantly lower 
values. 

No differences existed for resting blood lactates in 
the normal and anabolic steroid treated animals (Figure 13 


Exercise caused the blood lactate levels to rise with a 
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FIGURE 8 
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FIGURE 9 


MEANS FOR BICEP BRACHII MUSCLE 
GLYCOGEN IN Mg/G OF WET TISSUE 
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ANALYSIS OF VARIANCE FOR BICEP BRACHII MUSCLE GLYCOGEN 
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ANALYSIS OF VARIANCE FOR LIVER GLYCOGEN 
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MEANS FOR HEART MUSCLE 
GLYCOGEN IN Mg/G OF WET TISSUE 
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ANALYSIS OF VARIANCE FOR HEART MUSCLE GLYCOGEN 
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ANALYSIS OF VARIANCE FOR BLOOD GLUCOSE 
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FIGURE 13 
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lactate levels. 

Plasma and adipose tissue FFA analysis indicated no 
difference in the resting FFA levels between control and 
trained animals (Figures 14 and 15). Exercise produced 
a Significant increase in plasma FFA concentration. Although 
mobilization of FFA from adipose tissue occurred during ex. 
haustive exercise in normal rats, the anabolic steroid trea- 
ted animals were not able to mobilize FFA as readily. Cas- 
tration did not appear to have a significant effect on the 


concentration of adipose tissue FFA. 
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FIGURE 14 


MEANS FOR PLASMA FFA 
IN uEg/ml 
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ANALYSIS OF VARIANCE FOR PLASMA FFA 
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FIGURE 15 
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CHAPTER. V 


DISCUSSION 


Total Body and Organ Weights 


Evidence relating to fluctuations in the body weight 
of laboratory animals following regular exercise is conflic- 
ting. Several investigators (52, 182, 185) have reported 
that regular exercise causes a decreased body weight in 
laboratory animals when compared with nontrained controls. 
Stermhausietial (182) eandyHearnvetsaly (88) ,attributed this 
finding to differences in the amount of fat in the two groups. 
These results were noted when the animals were exercised 
both by running and by swimming. Other researchers have 
reported either increases in body weight following regular 
exercise (82, 158) or no significant changes (88, 144, 193). 

The results of this study which showed less of an in- 
crease in body weight for trained animals, for the most 
Bare;econcurawithethesfindings,of Hearn et. al. (88) ,eMcClin- 
tockrethalg(144), eandpTeppermansét-al (193) -4,Stevensonset al 
(185) found that the weight difference was approximately 
proportional to the amount of exercise performed by the 
animals. Therefore, the differences in results obtained 
in the present investigation and those of Eranko.et al (52), 
Steinhaus et al (182), and Stevenson et al (185) may be due 


to variations in training programs. The decrease in total 
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body weight following exhaustive exercise might be attri- 
buted to the decrease in glycogen levels, the mobilization 
of fats and the release of stored blood cells. 

Kochakian et ‘al (120-126) reported decreases in total 
body weights of laboratory animals following castration. 
This loss was attributed primarily to atrophy of skeletal 
muscles. Since muscle size was not examined in the present 
study the contention of Kochakian et al could not be con- 
firmed. 

Androgens, the male’ sex hormones producing masculine 
characteristics, are the primary hormones of the testes. 
Androgens have protein anabolic effects and readily induce 
a positive nitrogen balance. Testosterone is the chief 
testicular androgen and is secreted by the Leydig cells 
(149). The increase in weight of the adolescent is due 
primarily to the marked increase in muscle mass as induced 
by the increase in circulating androgens (154). If the 
testes are removed there is permanent sterility. Owing to 
absence of testosterone the usual pubertal changes do not 
occur and the accessory organs of reproduction do not de- 
velop. In addition, the muscles are soft and poorly devel- 
oped (116). Since prepubertal castration was performed 
on the animals in this investigation, thereby removing the 
major source of androgens, it is possible that the loss 
in body weight may have been due to atrophy or nondevelop- 


ment of skeletal muscle. 
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Proper treatment with androgen reverses many of the 
physical changes induced by prepubertal castration (154). 
Kochakian et al (120, 124) observed that involution of 
skeletal muscles after castration can be reversed by the 
administration of androgens. A gain in weight beyond the 
normal, however, was only effected by copious dosages of 
androgens (121). Since the loss in body weight caused 
by castration was not affected by anabolic steroid treat- 
ment it would appear that the dosage of methandrostenolone 
employed in this study was not sufficient to alter the 
changes produced by castration. 

After the administration of anabolic steroids testi- 
cular weight has been found to decrease due to atrophy 
(51, 150). Results of the present study, however, indica- 
ted that testicular weight was not affected by anabolic 
steroid treatment. This apparent discrepancy from the lit- 
erature might be explained by the relatively lower dosage 
of anabolic steroid used in this investigation. 

Research on the effect of training on liver weight is 
Coniiteting . Asanino et al® (j= and= Donaldson and* Meeser 
(49) have reported decreases while Hatai (82) reported in- 
creases in rats following regular exercise. After an in- 
crease of liver weight in the first 20 days of exercise 
Asahino et al (8) noted that further training produced liver 
atrophy accompanied by cell infiltration and hyperplasia 


of interlobular connective tissue. Upon an examination 
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of regressed liver weights Bloor et al (22) reported that 
cellular composition of the liver was different in the 
trained compared to the controls. Cytoplasmic mass of 
individual hepatic cells was increased in the trained 
groups. This finding might account for the increase in 
liver weight with training found by Hatai (82). 

The present investigation, in concurrence with the 
studies of Dahlgren (40) and Steinhaus etjal (182) found 
no significant changes in liver weights after training. 
These different results might be attributed to the varia- 
tion in intensity of training employed in each study. For 
example, the most strenuous exercise programs were used 
primarily in cases where a loss in liver weight was indi- 
cated (8, 49). 

When animals were sacrificed after an exhaustive ex- 
ercise bout liver weights were lower than those of the 
nonexercised controls (181). Similar results occurred in 
the present study. These findings have been attributed 
partially to a depletion of glycogen stores, with some 
mobilization of fat and the release of stored red blood 
cells contributing to the loss (181). Within the realm 
of this investigation it is possible that glycogen deple- 
tion is a major factor in liver weight loss. 

A decrease in liver weight following castration has 
been reported by Talaat et al (187). This has been pri- 
marily attributed to a reduction in liver glycogen with 


a concomitent increase in the fat and water content of 
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the liver. The decrease reflected in this study may be 
partially attributed to a liver glycogen decrease. How- 
ever, Since liver fat and water content were not examined 
the assertion by Talaat et al (187) regarding these para~ 
meters cannot be substantiated. 

Talaat et al (187) found) chat after repeated injections 
of testosterone proprionate increases in liver weight 
occurred accompanied by an increase in liver glycogen and 
a decrease in liver fat. Although anabolic steroid treat- 
ment appeared to reduce the size of the liver in the 
present study, this phenomenon remained unexplained. 

It is generally accepted that exercise produces a de- 
crease in spleen weight (16, 74, 182, 194). Many factors 
have been postulated to explain this decrease, however, 
existing evidence only supports the fact that this is a 
result of the mere expulsion of storage blood (16, 73). 
Results of the present investigation demonstrate that ex- 
ercise to fatigue significantly reduced the weight of the 
spleen. This finding confirms the data reported by Bar- 
CrolLesctusalavi6), Gollnick etal ((/4), Steinhaus et al 
Clo2)mand Tipton et al) (194): 

Kimeldorf and Baum (118) and Bloor et al (22) have 
associated a heavier spleen with trained animals. This 
Size difference of the spleen was due to an increased mass 
of lymphoid tissue (22). Although Gollnick (67) and Mon- 


toye et al (147) have reported decreases in absolute spleen 
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weights following training, Hearn (87) and Tipton et al 
(194) demonstrated no differences in spleen weight between 
nontraine, trained or detrained rats. Training did not 
Significantly affect the absolute weight of the spleen in 
the present study. 

Regular endurance exercise, including swimming has 
previously been shown to produce cardiac hypertrophy in 
Paecouanag OCG. aliuna! SpeCrtes (22, ./9,, 199, 297, L960) as 
well as in humans (14). In 1915 Hatai (82) reported car- 
diac enlargement in rats that had voluntarily exercised 
in a revolving cage. The variability in the activities 
of the animals in the revolving cage suggested that there 
might exist a definite relationship between heart weight 
and the amount of exercise performed. Dahlgren (40) sug- 
gested that the intensity of her training program was not 
of sufficient magnitude to elicit a change in heart weight 
of trained rats. Results of the present study indicate 
that training had little effect on the animals' heart 
weight. 

Although evidence by Brown et al (24), Eagan et al 
(51) and Murphy et al (150) showed an increase in heart 
weight following anabolic steroid treatment results from 
the present study, which found no changes, does not sub- 
stantiate their findings. This discrepancy might be due 
either to the lower dosage of anabolic steroid used in this 


study or to the training programs, or a combination of 
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these factors. 

There is general concensus in the literature that 
training produces increased adrenal weights (67, 70, 74, 
88). This study, in concurrence with Bloor's investigation 
(22), revealed only slight increases of adrenal weights 
in the trained animals over the control animals. Bloor 
Pcrale (22). .0und the histological examination of the adre- 
nals in the exercised groups showed an increased amount of 
cytoplasm per adrenal cortical cell, suggesting an in- 


creased glucocorticoid secretion in the exercised animals. 


Muscle and Liver Glycogen 

Increases in skeletal muscle glycogen content following 
regular exercise programs have been reported by many in- 
MesticacOrs (2h, 72,810, 1353, L159, 190). “This elevation 
in glycogen content may be important in increasing work 
Capacity during heavy exercise (20, 76). Procter and Best 
(159) contend that there may be an optimum period of train- 
ing for the accumulation of glycogen since a program of 
more than four weeks produces no significant changes in 
glycogen stores. Similar increases of glycogen levels 
have been reported in cardiac tissue after training for 
two 1 hour periods at 1 mile per hour each day (50). The 
results of this study demonstrated that training had little 
effect on glycogen levels. This finding does not agree 


with earlier reports by Gollnick et al (72), Grollman (76), 
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Procrersand Best (159) and Taylor et al (190). 

Evidence confirms that a depletion of glycogen stores 
occurs during prolonged exercise (72, 133, 181, 190, 205). 
This loss of glycogen from the liver and skeletal muscle 
during an exhaustive run has been interpreted as meaning 
that the glycogen is being utilized to provide energy for 
the performance of work (2, 205). The present investiga- 
tion found results similar to those reported in the litera- 
ture. Values noted in this study, however, were slightly 
higher than those reported in the literature (72, 181). 

Castration has been known to be followed not only by 
weight loss but also by an initial decrease in glycogen 
levels of rat skeletal muscles (19, 187). These levels, 
however, returned to normal after approximately forty days 
(19, 187). Castration also had similar effects on liver 
glycogen levels (187). In this study castration had no 
apparent effect on carbohydrate stores after 90 days. 

The administration of testosterone and its derivatives 
increase glycogen levels in both normal and castrated 
animals quite apart from pituitary influence (135, 187). 
BOpnalaylorpeteal (191) ,andeTabaat etwai,(i8%) neponted 
no changes in muscle glycogen after prolonged use of tes- 
tosterone proprionate. Liver glycogen stores, however, 
were increased significantly (187). The present study 
found that muscle glycogen stores were lower in the ana- 


bolic steroid treated animals than in the normal animals. 
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Blood Glucose 

Exercise effects on plasma glucose are known to be 
directly influenced by the duration, intensity and type 
of work. Exercise of light to moderate intensity, short 
duration and therefore of relatively aerobic nature re- 
sults in little change in plasma glucose concentration (91, 
167). At the onset of activity an increase in lactate 
concentration and carbon dioxide production is noted but 
the increase relative to blood glucose changes shows the 
Origin is probably from muscle glycogen (165). 

Although plasma glucose concentration is relatively 
unchanged a turnover in glucose is constantly occurring. 
Despite the vast changes that can occur in the hepatic out- 
put of glucose resulting from exercise investigators have 
hypothesized that it is the uptake of glucose by the muscle 
cell that is the primary factor in determining plasma glu- 
cose levels (102, 165, 172). 

Since FFA mobilization and utilization is inhibited 
by increasing lactate concentration during short duration 
exhaustive work glucose becomes a very important source 
of energy to the muscle (56, 203). Wahren et al (204) 
found that in heavy exercise, blood glucose may account 
for 75-89% of the estimated total carbohydrate metabolism 
and concluded that glucose becomes more important as ex- 
ercise reaches maximal levels. In conjunction with pro- 


longed activity blood glucose levels have been observed 
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tO. Lal lebothbsin manyand.in.animals+.(26,422, 136... 164,768, 
212). Issekutz and Allen (106) studied normal dogs during 
prolonged treadmill exercise and noted a progressive de- 
cline in blood glucose levels. Similar trends were recor- 
ded in the present study. 

The general trend of blood glucose response to exercise 
is proposed to follow the pattern of a decrease immediately 
at the onset of exercise, a subsequent gradual increase 
as exercise is continued and a decrease as exercise is 
prolonged further. In each of these activity states the 
blood glucose concentration is finely regulated within 
the limits demanded by the individuals needs. This regu- 
lation is via specific humoral-chemical factors. 

Pelddtceccedleclo/) have Leported sajdecreese in fasting 
glucose levels up to 25 days after castration. There was 
also a reduction in glucose tolerance, in sensitivity to 
insulin and the urinary output of 17-ketosteroids. Since 
liver and muscle glycogen stores are major sources of 
glucose a decrease in their levels may account for lower 
blood glucose levels following castration. These variables 
returned to normal 30 days following castration. This 
might explain the results obtained in this study which 
found no significant differences in glucose levels 90 days 
after castration. 

Talaat et.al .(186,.187) alco noted Ghat the etiacr ii 


Single or repeated injections of testosterone proprionate 
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in castrated animals depended on the time since castration. 
That is, injections of either 1 or 5 mg/kg of testosterone 
proprionate administered for 7 days in animals castrated 

7 days previously could counteract the effect of castra- 
tion on blood glucose. On the other hand, when the male 
hormone was administered for 30 days or more starting im- 
mediately after castration the effect of orchiectomy re- 
Mained evident and blood glucose was still low. This could 
account for the low blood glucose levels in the anabolic 
steroid treated castrated rats in the present investigation. 
It therefore appears that time since castration is an im- 
portant factor to take into consideration when studying 

the effects of steroids on blood glucose levels in castra- 


ted rats. 


Blood Lactate 

Lactate has long been known to be a product of exer- 
cise, and its existence in sufficient quantities in the 
blood plasma or muscle tissue is generally indicative of 
anaerobic metabolism. The formation of lactate from py- 
ruvate provides storage for excess ions of carbohydrate 
metabolism and permits work to be carried out in the ab- 
sence of oxygen. The accumulation of lactate is a limiting 
factor to exercise dependent on the level incurred in 
relation to the severity and duration of the activity (12). 


The effects of training on blood lactate levels have 
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been extensively examined. Margaria et al (141), Barnard 
(17), Williams (210), and Cunningham Cura (cave La— 
ported that training causes a decrease in blood lactate 
responses for a given work load. This decrease has been 
attributed to the greater aerobic capacities developed 
by training and is best demonstrated in the changes of the 
lactate versus MVO5 curve in trained and untrained indi- 
viduals (12), Although training has appeared to decrease 
lactate levels in trained animals when compared to the 
controls in the present study the differences were not 
Significant. 

It has been eine ea by several investigators that 
in light or moderate exercise up to 40-50% of an indivi- 
duals maximum aerobic capacity the oxygen supply to the 
tissue is sufficient for near-complete oxidation of pyruvic 
acid (12, 65, 89, 114, 151). Prolonged exercise of moder- 
ate intensity results in a preliminary rise in blood lactate 
PeurOwcamDVedsracer decile (Pl; >b27 637, 99). MAstrand et.al. 
(11) and Costill (37) have reported a decline in lactate 
concentration over extended physical activity such that 
blood lactate was less than 70 mg% after 1-2 hours of ex- 
ercise even when the exercise was of an intensity associated 
with increased lactate production. 

Data from the present study, with the exception of 
castrated animals, indicates that the prolonged exhaustive 


activity was of such an intensity as to allow near-complete 
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pyruvate oxidation. Animals in the castrated groups, how- 
ever, had significantly higher blood lactate levels. This 
might be due to the decreases in erythrocyte count and 
hemoglobin content of the blood resulting from castration 
(149, 195). Since hemoglobin allows for the carriage of 
large amounts of oxygen any decrease in its content would 
tend to lower the amount of oxygen available for metabolic 
activities. 

Literature reviewed for this study indicated that an 
examination of the effects of anabolic steroids on blood 
lactate levels has not been carried out. Results of the 
present investigation show that blood lactate levels were 


not affected by anabolic steroids. 


Free Fatty Acids 

The importance of fat as an energy source, especially 
during aerobic muscular work, has been well documented (12, 
46, 105). A review of the literature reveals that the 
mechanisms of control involved in the release and uptake of 
FFA are relatively complex and intricately interrelated. 
Fat is stored abundantly in the form of triglycerides in 
adipose tissue, primarily in the splanchnic regions, to a 
lesser extent around the muscle and finally intramuscularly 
(157). It has been shown that albumin-bound FFA can be 
readily oxidized by muscle, in vitro as well as in vivo 


(108), and is a major source of fuel for muscular work (61, 
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Golinick et alo(72) reported plasma FRA values of 
approximately 0.30 uEq/ml for groups of normal sedentary 
and trained rats sacrificed at rest. Similar results were 
noted in the present study. Froberg (63) found values of 
0.38-0.43 uEq/ml for an identical sample. In humans, Taylor 
(189) -~has Suggested resting Jevels of 0.50 uEgq/ml + 0.15 
uEgG/ml. 

In experiments with dogs, Issekutz et al (108) demon- 
strated that trained animals have greater ability to utilize 
FEA asran energy Source. Similarly, Miller et al (146) 
found increased FFA mobilization and decreased lactate con- 
centration in trained dogs as compared to untrained animals. 
Paul (157) reported that, in trained dogs, aerobic exercise 
with little or no lactate accumulation shows a shifting of 
the metabolism to fat regardless of the energy expenditure. 
He attributed this to the better vascularization of the 
splanchnic region and other fat depot regions. 

Adrenergic neuro-humeral activity, a factor playing 
an important role in the internal adjustment of the intact 
organism to exercise, has been shown to increase during 
exercise (53, 85). This has been found to affect the rates 
of lipolysis and release of FFA from the lipid store (12, 
61, 62, 105). Evidence has only recently been reported 
indicating that nervous stimulation plays a greater role in 


FFA mobilization than catecholamine levels. Gollnick et al 
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(72) noted that in adrenalectomized and adrenomedullec-— 
tomized rats that lipolysis was not inhibited during exer- 
cise, indicating that a release of catecholamine from the 
adrenal medulla is not essential for controlling lipolysis 
during exercise. After hypophysectomy, which eliminates 
noradrenergic hormones such as ACTH, growth hormone, TSH, 
adrenal glucocorticoids and glucagon, and beta-blockage 
a complete blockage of lipolysis occurred during exercise. 
They concluded, therefore, that both the adrenergic and 
noradrenergic systems exert an effect on lipid mobilization 
during exercise. 

RosebLsetsal.(169),.compared.the.mobilization.of FFA 
during electrical stimulation of the sympathetic nerves 
entering the fat pads and during intra-arterial infusion 
of catecholamines. After finding that FFA mobilization 
occurred by a nerve stimulation equivalent to that occur- 
ring at rest, while an equivalent mobilization occurred 
only by infusing an amount of catecholamine equivalent to 
that existing during severe stress it was concluded that 
nervous stimulation plays a greater role in FFA mobiliza- 
tion than catecholamine levels. Havel and Goldfien (85) 
have reported similar trends. 

The presence of lactate, glucose, and insulin have 
been shown to cause inhibition of FFA mobilization (18, 30, 
L097"168)).4¢Issekutz et ale({108) .reported that iactate 


infusion caused a significant decrease in the release, 
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uptake and rate of oxidization of FFA. Gold et al (66) 
found a similar effect. 

Prolonged exercise has been shown to influence the 
uptake and utilization of FFA as well as their release from 
adipose tissues (59, 78, 113). Increased utilization of 
FFA during this type of exercise implies that mobilization 
and release of FFA by adipose tissue is also elevated by 
prolonged activity. The elevated plasma FFA levels and the 
release of FFA following prolonged exercise in the present 
study indicates that lipid mobilization in the fat depots 
is stimulated by muscular work. During prolonged activity 
FFA is released from the fat pads into the circulation 
systems Of humans (57, 58), dogs (105), and rats (68). 
Light prolonged exercise increases plasma FFA (29, 30, 59, 
102). During this type of exercise the blood flow to the 
adipose tissue is probably sufficient to transport the FFA 
as it is formed and released, thereby producing a gradual 
increase in plasma FFA content. 

Hay Lore Gted ig 191)ehave reported that icastration had 
no Significant effect on plasma FFA levels and FFA release. 
Although castration did not have a significant effect on 
FFA levels in the present investigation a slight decreasing 
trend was apparent. This might be caused by an elevation 
in lactate levels; a factor contributing to the inhibition 
OL FFA mobilization, (66,4107). 


A review of the literature revealed that no material 
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was available concerning the relationship between FFA and 
anabolic steroid treatment. Results from the present study 
found that those animals treated with anabolic steroids 

did not elicit the increase in tissue FFA concentration 
noted in the normal rats. Although it would appear that 
anabolic steroids affect the release of FFA the mechanisms 


involved are not fully understood. 
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CHAPTER VI 
SUMMARY AND CONCLUSION 


Fifty-four albino rats (Wistar strain) were used to 
determine the effect of prolonged use of anabolic steroids 
on energy sources of trained and nontrained rats. 

Animals were divided into two equal groups: one group 
was bilaterally castrated while the second served as non- 
castrated controls. One half of each group received Di- 
anabol (Methandrostenolone - 17“@- methyl - 174 - hydroxy- 
androsta - 1, 4 - dien - 3 - one) orally administered 
weekly (1.75 mg/kg). Two thirds of each group were trained 
to exercise on a motor driven rodent treadmill by pro- 
gressively increasing the speed and duration of the daily 
exercise session until they were capable of running con- 
tinuously for one hour at a speed of 1 mph. Each animal 
then continued to run at this intensity for an additional 
8-9 weeks. One half of the trained animals were sacrificed 
immediately after a fatiguing run while all other animals 
were sacrificed at rest. 

Analysis of the results indicated that regular exer- 
cise had no effect on the parameters measured with the exe 
ception of adrenal weights which increased slightly as a 
result of training. When the animals were exercised to ex- 


haustion decreases occurred in liver and spleen weights, 
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skeletal muscle and liver glycogen, and blood glucose levels. 
Increases were apparent in adrenal weight, blood lactate, 
plasma FFA and lipid FFA mobilization. Analysis also re- 
vealed that castration caused decreases in body and liver 
weights as well as increases in blood lactate levels. 
Anabolic steroid treatment did not affect body weight, 
testicular size, spleen, heart, adrenal weights, blood lac- 
tate, resting blood glucose levels and resting FFA levels. 
Decreases, however, were noted in liver weights and resting 
Skeletal muscle glycogen levels. When the animals were 
exercised to exhaustion it was apparent that anabolic ster- 
oids had no effect on the depletion of glycogen stores or on 
the utilization of blood glucose. Although mobilization 
of FFA from adipose tissue occurred during exhaustive ex- 
ercise in normal rats, the anabolic steroid treated animals 


were not able to mobilize FFA as readily. 


Conclusion 

Within the limitations of this study it can be stated 
that anabolic steroids had a significant effect on skeletal 
muscle glycogen sources and the mobilization of FFA sources 


in exercised trained animals. 
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TABLE OF MEANS 
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GROUP 


NON TRAINED 


TRAINED REST 


TRAINED FATIGUE 


TABLE 16 
MEANS FOR TOTAL BODY WEIGHT 
IN Gms 
TREATMENT 
NG ND CG 
478 .00* 419.50 SIO Ss 
atest he: +11.44 st eal a. 
451.50 356.60 Rts yale, 
P2206 + E3707 Bat Le he Pall 
315-00 429.25 343.50 
£307 + 127 +6.64 


CD 


357.20 
Pade ek 
367.80 
2Omao 
396.00 


na) ah] 


4 


* means + Standard error of the mean 


TREATMENTS FOR ALL TABLES IN APPENDIX B 
NG - non castration, non anabolic steroid 


ND - non castration, anabolic steroid 
CG - castration, non anabolic steroid 
CD - castration, anabolic steroid 
TABLE 17 
MEANS FOR LEFT TESTICLE WEIGHTS 
IN Mg 
TREATMENT 
GROUP NG ND 
NON TRAINED 155326* 1566.6 
28022 +56..9 
TRAINED REST 1584.6 1513.8 
+40.8 T2250 
TRAINED FATIGUE 1524.3 1506.3 
+50.6 +123.9 


* means + Standard error of the mean 
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TABLE 18 
MEANS OF RIGHT TESTICLE WEIGHTS 
IN Mg 
TREATMENT 
GROUP NG ND 
NON TRAINED 1514.8* sbsvoW LS) 
L756 +54.0 
TRAINED REST 159.7002 1709.8 
+44.1 +84.1 
TRAINED FATIGUE 152953 1490.1 


#36.8 tL 979 


means + standard error of the mean 


TABLE 19 
MEANS FOR LIVER WEIGHTS 
IN Gms 
TREATMENT 

GROUP NG ND CG CD 
NON TRAINED E765 * 14.32 13.40 10.44 
2L+30 LOI 0 +0.58 £0:..9.0 
TRAINED REST 17.05 33230 10.60 11.36 
40.97 +0.85 £0292 +0.28 
TRAINED FATIGUE S475 10.92 JRO 10.12 
£0519 +0.64 TO ao. £0439 


* means + standard error of the mean 
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TABLE 20 
MEANS FOR SPLEEN WEIGHTS 
IN Mg 
TREATMENT 

GROUP NG ND CG CD 
NON TRAINED 654.25* 624.57 612.80 608.08 
+8.04 £3.14. 9a. +28.46 EB1.. 12 
TRAINED REST 7k 30 593.28 5295. 05 611.56 
439/523 +36.65 +50.74 +434, lel 
TRAINED FATIGUE 483.05 5925.75 454.78 565.20. 
Sina +55.42 +40.67 £29675 


* means + standard error of the mean 


GROUP 


NON TRAINED 


TRAINED REST 


TRAINED FATIGUE 


TABLE 21 
MEANS FOR HEART WEIGHTS 
IN Mg 
TREATMENT 

NG NDgeseerses CG 
TO7 So 97 One 916.3 
£6 515 +36.8 oat) 
1032.4 1065.4 185i 
£3 0)..9 53 Fuse tal Syed 
903.8 1074.5 87 Jao 
t 5.2.0 23 5i<i9 £7 O:07: 


CD 


842.6 
+44.1 
969.7 
end, Oia 7 
995.\0 


$1 soc) 


¥ means + standarc error of the mean 
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TABLE 22 
MEANS FOR ADRENAL WEIGHTS 
IN Mg 
TREATMENT 

GROUP NG ND CG CD 
NON TRAINED 52250* 45.07 52n95 37536 
£1.26 3.74 SO.09 +4.20 
TRAINED REST 48.60 49.72 ebay a 54.44 
£2726 E229 3229 P3203 
TRAINED FATIGUE 22208 47.30 56750 45.88 
BLAS 2 cePar ds ts +4.65 +4.74 


* means + standard error of the mean 


TABLE 23 


MEANS FOR GASTROCNEMIUS MUSCLE GLYCOGEN 
IN Mg/G OF WET TISSUE 


means +t 


standar 


error of the mean 


TREATMENT 

GROUP NG ND CG CD 
NON TRAINED 3c477* 1.850 22500 1.348 
20S .9 £02236 +0.094 7 Oso 

TRAINED REST 32232 2.076 Sanu Eh AS 
+0.477 tOe2Lo £0,235 ZOS2ie 

TRAINED FATIGUE 1.047 1.030 Tee 0.550 
£02029 +0.141 +0.363 +0.080 
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TABLE 24 


MEANS FOR BICEPS BRACHII MUSCLE GLYCOGEN 
IN Mg/G OF WET TISSUE 


TREATMENT 
GROUP NG ND CG 
NON TRAINED 2eand 1.1782 2.642 


40.120 +0.265 +0.199 
TRAINED REST 2.097 1.130 2.060 
+0.214 20.2925 +0.344 
TRAINED FATIGUE 0.480 iin cir i2 0.767 
+0.016 +0.300 +0.222 


means + standard error of the mean 


TABLE 25 


MEANS FOR LIVER GLYCOGEN 
IN Mg/G OF WET TISSUE 


TREATMENT 
GROUP ND CD 
NON TRAINED 29. 6352* 41.036 


411.785 +14.947 
TRAINED REST 7.174 23.960 
£32 955 +4.578 
TRAINED FATIGUE 1. 97,0 0.736 
+0.833 £02 tel 
~" * means + standard error of the mean 


CD 


1.806 
+0.346 
1.670 
T0.AV2 
0.732 


+0.144 
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TABLE 26 


MEANS FOR HEART MUSCLE GLYCOGEN 
IN Mg/G OF WET TISSUE 


TREATMENT 
GROUP NG ND CG CD 
NON TRAINED Pearse: Prze0 1.247 0.2930 


+0.154 +0.178 £0229 cm eos 
TRAINED REST Proi2 1.714 1.422 1.000 
tOaEz2 £0 abs 7 LORS OL +0.143 
TRAINED FATIGUE Br2 10 1.880 1.485 OF976 
+0.025 +0.241 +0.367 OmETO 

-  * means i standard error of the mean $= | 


TABLE 27 
MEANS FOR BLOOD GLUCOSE 
IN Mg% 
TREATMENT 

GROUP NG ND CG CD 
NON TRAINED DEAT, Tbe ss 118.83 123.50 a20m20 
8 eo Tg 20050 228 yi 258 tot les 
TRAINED REST TE Teesee 8, 82.20 128.00 Sr) 
sas eye AG. sah! DPiad | ieee? PLO sos 
TRAINED FATIGUE 81.00 103.50 amie 54.80 
+0.82 £18.67 +9.68 pd Se Mey 


* means + standard error of the mean 
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TABLE 28 
MEANS FOR BLOOD LACTATE 
IN Mg% 
TREATMENT 
GROUP NG ND CG 
NON TRAINED 22050* 29.50 S2075 
P2072 +3.49 ele93 
TRAINED REST PA Ne 20270 29.00 
P2667 $0.94 ¥3716 
TRAINED FATIGUE 27.00 20.50 60725 
£1296 E2072 $3357 


means + standard error of the mean 


TABLE 29 
MEANS FOR PLASMA FREE FATTY ACIDS 
IN uEG/ml 
TREATMENT 
GROUP NG ND CG 
NON TRAINED O35 0.388 0.350 
£07015 +0.016 +0.024 
TRAINED REST 0.442 0.499 One 95 
tO2015 £05017 40.039 
TRAINED FATIGUE 0.667 0.543 0.577 
£02055 +0.049 +0.088 


CD 


46.00 
Eizes/ 
18.60 
£3.84 
69.00 


mal ge aR 


CD 


0.395 
+0.018 
0.280 
+0.049 
0.487 
+0.070 


98 


*¥ means + standard error of the mean 
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TABLE 30 
MEANS FOR FREE FATTY ACID RELEASE 
IN uEq/gm 
TREATMENT 

GROUP NG ND CG CD 
NON TRAINED 1.68* Thcat gd 1.45 30 
£O0S53 cat hegeaT £0. o f0.25 
TRAINED REST VS RE, Beso hE) Zeke 1.44 
20S +0.36 +0.38 F039 
TRAINED FATIGUE 8.54 3.38 di 6 Seal 


+0.24 +0256 6 £OR 4} 
* means + standard error of the mean 


APPENDIX C 
™NEWMAN-KEULS' 


MULTIPLE COMPARISON BETWEEN ORDERED MEANS 
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TABLE 46 


TOTAL BODY WEIGHTS FOR EXPERIMENTAL ANIMALS 


110 


No. NON-TRAINED No. TRAINED REST No. TRAINED FATIGUE 
NORMAL RATS 
81 512 af} 500 7a 304 
82 524 74 425 78 316 
83 466 75 403 79 322 
84 410 76 478 80 318 
ANABOLIC STEROID TREATED RATS 

9 443 26 374 6 433 
36 456 a 384 i 448 
37 409 28 372 8 451 
38 378 29 339 10 385 
39 425 30 314 

40 406 

CASTRATED RATS 
69 385 61 282 65 356 
70 415 62 326 66 328 
Ti 381 63 345 67 337 
72 382 64 320 68 353 
CASTRATED AND ANABOLIC STEROID TREATED RATS 

31 414 21 379 it 426 
32 364 22 343 2 397 
33 268 23 375 3 404 
34 394 24 351 4 384 
35 346 25 391 5 369 


TABLE 47 


LEFT TESTICLE WEIGHTS FOR EXPERIMENTAL ANIMALS 


ee 


No. NON-TRAINED No. TRAINED REST No. TRAINED FATIGUE 
NORMAL RATS 
81 1484.8 7)s Los he it 1400 .6 
82 1741.4 74 ESL. C 78 1486.3 
83 1616.8 Us I5L5.0 “3 1626.9 
84 1371.4 76 1671.0 80 1583.4 
ANABOLIC STEROID TREATED RATS 

9 1463.0 26 1577.4 6 1354.2 
36 1663.0 va | 17389.8 Z INP Na Pea? 
Y; 1408.0 28 2026.0 8 1625.0 
38 1670.2 29) 1479.8 10 1193.0 
Sf) a Bye 1 Say 30 696.2 

40 1457.2 
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TABLE 48 


RIGHT TESTICLE WEIGHTS FOR EXPERIMENTAL ANIMALS 


Le 


No. NON-TRAINED No. TRAINED REST No. TRAINED FATIGUE 
- NORMAL RATS 
81 1567.8 es 1613 52 77 1423.6 
82 Loe. o 74 TS {3.2 78 1623.8 
83 1636.0 15 1495.0 49 1529743 
84 1142.4 76 7 Oe 2 80 1542.6 
ANABOLIC STEROID TREATED RATS 

9 1490.6 26 1625742 6 1344.2 
36 1472.0 2a 1799 38 f! 12537. 6 
37 US Bi pe 28 1994.0 8 1564.0 
38 Ube w asd) 29 1506.4 10 LET ESNS ye 
39 1604.0 30 1633.6 

40 eae o 


TABLE 49 


LIVER WEIGHTS FOR EXPERIMENTAL ANIMALS 


No. NON-TRAINED No. TRAINED REST No. TRAINED FATIGUE 


NORMAL RATS 


81 1970 73 Laas Li 8.52 
82 19.4 74 16.4 78 Soy Silk 
83 17.6 Tas 14.6 t&) 8.73 
84 14.0 76 18.4 80 8.46 


ANABOLIC STEROID TREATED RATS 


9 14.2 26 T3210 6 11.4 
36 TGr.0 Zl, 14.4 7 TES oP 
ows Bh Sell) 28 14.4 8 = best 
38 Lage 7&2) 10.8 10 925 
39 1G. 6 30 eS, 

40 14.0 

-CASTRATED RATS 
69 AP? 61 8.4 65 oo 
70 Lake 62 d Wy get 66 Spee 
vin dk see 63 12.4 67 Sn 
72 3b iP 64 whet) 68 9.4 


CASTRATED AND ANABOLIC STEROID TREATED RATS 


Swi DAL ls 2 AR) uk ae 
a2 11.6 22 11.4 2 TOs 
B38: lied: PAS: 10.8 & 9.8 
34 12.0 24 Mb bel 4 9.0 
Sis 9.8 2a 12.4 5 SENS 
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TABLE 50 


114 


SPLEEN WEIGHTS FOR EXPERIMENTAL ANIMALS 


NON-TRAINED No. 


665.2 
664.2 
630.8 
656.8 


TRAINED REST No. 


' NORMAL RATS 


817.0 
652.8 
656.4 
743.0 


TRAINED FATIGUE 


484.1 
480.2 
476.3 
491.6 


ANABOLIC STEROID TREATED RATS 


702.4 
660.0 
547.0 
SNRs yea 
696.8 
626.2 


545.0 
682.0 
599.0 
625.0 


61 
62 
63 
64 


504.0 
TPAD 
(RES IANS 
646.2 
617.8 


- CASTRATED 


432.4 
670.6 
490.6 
SWAP deel 


RATS 


526.0 
Seki bev) 
736.0 
489.4 


Dy Oi 
437.3 
Spas 
433.2 


CASTRATED AND ANABOLIC STEROID TREATED RATS 


902.8 
615.4 
446.4 
603.8 
472.0 


Dit oe 
7.0.2 2 
D2 +0 
TRA 
504.2 


Ol & WN FE 


654.4 
609.8 
491.0 
320.0 
550.8 
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TABLE 51 


HEART WEIGHTS FOR EXPERIMENTAL ANIMALS 


1160.6 
L207 52 
LOELIO 
924.8 


' ANABOLIC STEROID TREATED RATS 


1087.8 
1025.0 
96520 
819.0 
1002.2 
356 50 


914.8 
Y2h26 
STO SZ 
91226 


73 
74 
die. 
76 


61 
62 
63 
64 


1101.4 

960.4 
1006.5 
1061.4 
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1204.6 
103720 
10:23 <6 
990.0 


744.4 
832.4 
BID SL 
784.8 


~NORMAL RATS 


- CASTRATED 
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NON-TRAINED No. . TRAINED REST No. 
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S10 36 
9T1L28 


1OR2 32 
LEP SS 
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T2860 
960.8 
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TABLE 52 


ADRENAL WEIGHTS FOR EXPERIMENTAL ANIMALS 


No. NON-TRAINED No. TRAINED REST No. TRAINED FATIGUE 
NORMAL RATS 
81 2058 a3 51.4 dd diez 
82 S6e2 74 43.0 78 ZO 
83 ILO 75 47.0 79 69.4 
84 D20 76 53.0 80 70.4 
ANABOLIC STEROID TREATED RATS 

9 46.4 26 45.6 6 44.0 
36 635.0 2 43.2 7 42.0 
37, 39.0 28 512.6 8 Da.0 
38 40.0 Z29 55.4 10 49.6 
39 41.8 30 b2a6 

40 40.2 

CASTRATED RATS 
69 47.2 61 54.4 65 64.6 
70 70.6 62 58.4 66 60.4 
aa 46.6 63 62.6 67 43.2 
72 47.4 64 47.6 68 57.8 
CASTRATED AND ANABOLIC STEROID TREATED RATS 

Sa 44.6 21 67.6 is 62.4 
32 34.0 22 48.4 2 34.0 
33 26.0 23 46.4 3 46.0 
34 49.2 24 58.0 & 47.0 
Ao 33.30 eo 51.8 5 40.0 
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TABLE 53 


GASTROCNEMIUS MUSCLE GLYCOGEN FOR EXPERIMENTAL ANIMALS 


No. NON-TRAINED No. -TRAINED REST No. TRAINED FATIGUE 


NORMAL RATS 


81 3.65 73 4.06 77 Oo 
82 4.22 74 Pas} 78 US 
83 3.30 75 2 od 79 OL 
84 2.68 76 4.48 80 ieee 


ANABOLIC STEROID TREATED RATS 


9 1.61 26 2.04 6 1.43 
36 0.93 Aad | 2.00 if 0.95 
37 2.66 28 1.44 8 0:99 
38 2 EE 74 20 Zen t 10 Oa 
ao ZS 30 Zo 
40 roo 

CASTRATED RATS 
69 2232 61 2.88 65 1-65 
70 2.36 62 3.42 66 0.987 
el. 2.60 63 Seon 67 0.40 
ie 2036 64 Prego sit 68 2.05 


CASTRATED AND ANABOLIC STEROID TREATED RATS 


31 1.40 2e 0.95 1 0.48 
32 41.26 22 ey The 2 0.40 
33 Los 23 1.74 3 0.85 
34 1.00 24 ee 4 0.45 
Se, L350 25 Ze LS S) 0.57 
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TABLE 54 
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BICEP BRACHII MUSCLE GLYCOGEN FOR EXPERIMENTAL ANIMALS 


No. 


82 
83 


NON-TRAINED No. TRAINED REST No. TRAINED FATIGUE 


Pe Wilt 
2.61 
26:30 
Bap Pall 


Eee2 
HAN, 
Ica dl 
99 
20 


2.43 
3.24 
2.45 
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Lie: 
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1.86 
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1.41 
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LIVER GLYCOGEN FOR EXPERIMENTAL ANIMALS 


NON-TRAINED No. 


TRAINED 


Lao 


REST No. TRAINED FATIGUE 


ANABOLIC STEROID TREATED RATS 


4.80 
22.80 
1.46 
2.41 
4.40 


CASTRATED AND ANABOLIC 


74.80 
56.00 
7.00 
64.00 
Shy BRS 
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23 
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30.80 
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TABLE 56 


HEART MUSCLE GLYCOGEN FOR EXPERIMENTAL ANIMALS 


No. NON-TRAINED No. TRAINED REST No. TRAINED FATIGUE 


81 a7 13 1.49 47 £226 
82 £201 74 Ge99 78 154 
83 1.34 yas Le26 79 VN, iP 
84 1.60 76 ot 80 26 


ANABOLIC STEROID TREATED RATS 


9 0.80 26 1.66 6 aN) 
36 oO 27 1e53 a 4 L 
a7 noo 28 1239 8 Phx ae) 
38 O85 29 is eho 10 ey EP 
59 eo) 30 PN, 

40 

CASTRATED RATS 
69 1.34 61 1.69 65 1.06 
70 103 62 0.64 66 1.64 
Ee 57] 63 2205 67 O29 
a2 as 05 64 Loot 68 2.45 


CASTRATED AND ANABOLIC STEROID TREATED RATS 


yl 1270 a4 O25 uy L209 
32 eS 1 22 1.14 2 0.84 
213 OF od 23 038s 3 0.88 
34 1 ey) 24 1450 4 OF 52 
35 3.04 25 0275 > L255 
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BLOOD GLUCOSE FOR EXPERIMENTAL ANIMALS 


NON-TRAINED No. 
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eS 2 


TRAINED REST No. 


NORMAL RATS 


124 
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TRAINED FATIGUE 


ANABOLIC STEROID TREATED RATS 


CASTRATED RATS 


lil 
1A 
138 
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10 
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68 


CASTRATED AND ANABOLIC STEROID TREATED RATS 
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TABLE 58 


Lae 


BLOOD LACTATE FOR EXPERIMENTAL ANIMALS 


NON-TRAINED No. 


30.0 
PS 
L970 
ESO 


20 
3.0 
2.60 
27.0 
46.0 


Hail) 
35.0 
2150 
34.0 


CASTRATED AND ANABOLIC 


16.0 
47.0 
30°C 
46.0 
Sli 


TRAINED REST No. 


NORMAL RATS 
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270 
Ze 


CASTRATED RATS 


31060 
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TABLE 59 


i2Z3 


PLASMA FREE FATTY ACIDS FOR EXPERIMENTAL ANIMALS 


No. NON-TRAINED No. 


- 81 0.320 
82 Gr 20 
83 0.370 
84 0.340 


9 0.345 
36 0.417 
oe) 0.396 
38 0.450 
39 0.360 
40 0.360 
69 0.340 
70 0.420 
qa’ 0.320 
v2 0.320 


aS 
76 


TRAINED REST No. 


NORMAL RATS 


0.450 
0.470 
0.450 
0.400 


OF 52 
0.480 
0.468 
0.525 
0.468 


CASTRATED 


0.300 
Os2,0 
0.210 
0.400 


RATS 


© 0 ~j O) 


TRAINED FATIGUE 


0.550 
0.630 
0.810 
0.680 


ANABOLIC STEROID TREATED RATS 


OG. G72 
0.540 
0.435 
0.325 


0.470 
0.830 
0.560 
0.450 


CASTRATED AND ANABOLIC STEROID TREATED RATS 


Sal. 0.345 
32 0.329 
a5 0.435 
34 0.366 


35 0.432 


0.405 
0.285 
O32 
0.168 
Oc hg 


ON & WN FE 


0.487 
0.294 
0.525 
0.720 
0.408 
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TABLE 60 
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FREE FATTY ACID RELEASE FOR EXPERIMENTAL ANIMALS 


NON-TRAINED No. 


27.6 
PE esa8 
Pred L 
C282 


A bes? bi 
1.08 
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0.94 
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Oon~) 


10.34 
Siero 
Ce ILE 
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TABLE 61 


ENDURANCE FATIGUE TIME FOR EXPERIMENTAL ANIMALS 
IN MINUTES . as 


ANABOLIC STEROID TREATED RATS 
3 S 


No. La0rmpne tl. 25> mph theperhuhelar 
6 120 25 inte 
i 106 = =—— 
8 116 10 hoe 
10 116 20 oo 


CASTRATED AND ANABOLIC STEROID TREATED RATS 


No. POsttpie -L.2> mph bape) onvelel 
iB Les SS —o 
2 124 28 1 
5) aS 30 23 
4 19385) 30 29 


5 120 30 6 
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